Background: In the context of the recent Greek economic crisis and its detrimental impact on healthcare system as well as the complete absence of a mechanism to map and plan human resources, a need for rethinking healthcare workforce management at a national level was emerged. Objectives: The aim of the study was to identify factors that influence the current and future demand for and supply of human resources in the Greek health system by specifying and empirically testing a projection model over the period 2015-2017. Methods: The projection model constituted a combination between a stock-and-flow model and a workforce-to-population ratio approach. This model was applied twice, once concerning total workforce and full track of new graduates and once concerning only public sector. Results: The first application of the model underpinned a sound and rampant oversupply of health professionals. On the other hand, the second application revealed a need for reinforcing public sector in terms of new hires especially of nursing and midwifery staff, and re-distribution of all. Conclusions: The main results indicate that health policy makers could reach an optimal matching between future supply of and demand for healthcare workforce by adjusting the flexible supply components. This presupposes an accurate and stable system of data collection. On the demand side, it is also important to collect demographics and other health-related data that are more indicative of health needs than population metrics.
Introduction
Healthcare provision is a highly labor-intensive production process and constitutes one of the most significant sectors to the European economy. Hence, the human resources for health (HRH) planning is of great importance (in Europe, HRH occupy between 5% and 10% of total workforce) [1] . HRH planning is oriented to effective health outcomes since the right numbers of people with the right skills in the right place at the right time provide the right services to individuals/patients [2] . This dominant approach implies an optimal quantitative and qualitative matching between future supply of and demand for workforce. Thus, it becomes clear that a multispectral approach should be adopted in forecasting the future demographic and population's health needs in conjunction with technological changes, resource constraints and health expenditure stabilization or even reduction [3] . The educational and training curricula across Europe would be readjusted to fast moving changes in the health sector. The health professionals should be equipped with new skills and new responsibilities in order to increase employability and comply with the new health reform requirements. The financial crisis of 2009 has contributed to a redefinition of health objectives, health priorities and the relevant health reforms to tackle the problems of regional health inequalities and the inefficiencies in the production and distribution of health services [4] [5] . Against this background, this paper aims at identifying factors that influence the current and future demand for and supply of human resources in the Greek health system by specifying and empirically testing a projection model over the period [2015] [2016] [2017] . This model should be further used as a dynamic HRH mapping/planning tool and component of the existing information systems of the Greek Ministry of Health (MoH), including all available sources and indicators suggested by relevant studies under projects carried out by contracts between Gesellschaft für Internationale Zusammenarbeit (GIZ) and Democritus University of Thrace (DUTH) under the auspices of MoH.
Methodology

Theoretical Framework and Best Practices
HRH planning requires the dual performance of supply and demand projections, which ideally should be equivalent at any given time in the future. Regarding the supply side, the vast majority of international literature proposes a stock-and-flow methodology [6] , whereby the current workforce ("stock") is adjusted by entrances into and exits out of the labour market ("flows"). Inflows include indicatively: a) domestic new graduates, b) international graduates entering in the education or labour market as e.g. returned migrants and c) trained staff returning to work. Outflows include indicatively: a) retirements, b) deaths, c) dismissals and d) temporary and permanent out-migration. This methodology was recently applied in the USA under the so called "Clinician Specialty Supply Model" (CSSDM), which projects future changes in the supply of clinicians by specialty attributable to their changing demographic composition [7] . Canada's experience on a simulated stock-and-flow model is also worth mentioning. Particularly, the simulation approach was used not to predict the future but to integrate knowledge of different components of the conceptual model in order to improve understanding of the dynamics of the system and analyse strategies and policies to address human resource problems [8] . On the other hand, demand projections usually take into account current population demography and possibly epidemiology, existing health services as well as current numbers of staff of different cadres and skills required. In this context, four alternative methods are proposed to project future health workforce requirements: the workforce-to-population ratio method, the health needs method, the service demands method and the service targets method [6] .
Data Availability
In Greece, comprehensive data on human resources were not available in any one repository as there is not a national system tracking at the same time graduates of health professions education programs, international immigration of workers with health-related skills or exits due to career change. This means that any attempt to determine the size and core characteristics of the health workforce requires some level of analysis and synthesis of available information from multiple sources. The first step of our study focused on systematically identifying the supply of workforce in Greek NHS, through gathering and synthesizing data from different available sources and encompassing flows into and out of the health manpower. In particular, we conducted MoH and other government agencies with HRH roles [e.g. Ministry of Education, Ministry of Labour, Ministry of Administrative Reform and e-Government and Hellenic Statistical Authority (EL.STAT.)], in order to combine different types of information scattered across different sources. HRH data mapping template (WHO, version 2.2 [9] ) tool was deemed most suitable for professions' classification and was primarily administered through email exchanges with the above sources. Follow-up telephone interviews were then conducted to complete the template. The availability of supply-related data is summarized in Table 1 . It is important to be pointed out that it was infeasi- ble to obtain insightful and thorough evidence of outflows. The main reason consists that out-migrants are not recorded at all, whereas insurance funds still fall short of management information systems. Another obstacle is that data were collected from different sources hence there is a little chance to achieve integration, interoperability, unified data format and same reference year.
On the demand side, we only had access to population-related data, and more specifically population projections by Eurostat's EUROPOP2013 (European Population Projections, base year 2013) [10] . The main scenario is demonstrated in Table 2 .
According to the adequacy and quality of domestic data combined with the projection alternatives presented above, we applied the workforce-to-population ratio concerning demand projections complementarily to the stockand-flow model concerning supply projections.
Modeling
The modeling of the workforce-to-population ratio method lies upon the last available population-based indicators (base year 2014) as well as the expected population growth (or decline) rate (2015-2017). The main concept of the examined methodology is that the population-based indicators in national level must meet the international standards. Secondly, apart from the international standards (minimum accepted thresholds), the national average density of each health professional category will constitute the threshold density among health regions that is assumed to correspond with the health system's ability to deliver essential health services. Hence, this approach underpins both adjustment in total numbers and geographical reallocation. Regarding the stock-and-flow model, the stock/number of trained health professionals (S) in a future year (t + 1, t + 2 etc., where t is the base year) depends on the stock of the current year (S t ) plus the sum of i inflow cases under which health professionals join the workforce (I t+1 ) and minus the sum of j outflow cases under which they leave (O t+1 ). This model is quantified by Equation (1).
Human Resources for Health in Greece
Current Situation
The current situation (October 2014) of the Greek health system is presented in Table 3 which includes almost exclusively salaried staff of both public and private sector. The results reveal an excess of 114 thousand professionals among which 29.1% constitute medical staff, 23.4% nursing staff, whereas each of the categories "health associates" and "management/support personnel" stands for circa 1/5 of total workforce. Moreover, the predominant role of public sector is clear (employing over ¾ of total manpower). This is the current result of the last reforms merging all social insurance units into NHS, since physicians and other staff preferred to pass from public to private system or to be retired. As such, the public sector's hospital care is now even greater than primary care in terms of manpower. Density indicators reveal a physician-driven organizational structure, more intense in private sector, which responds to 2 physicians per 1,000 population in public sector and 3 physicians per 1000 population in total. The aforementioned result is verified when calculating the nurses to physician ratio, which accounts for 0.82 nurses per physician in public sector (or 1.6 when including associates) and 0.81 in total (or 1.3 when including associates). These ratios fall dramatically short of international standards. However, this situation is rather misleading in terms of the entire NHS since total physicians (including solo practice) account for approximately 69 thousands according to the most recent (2011) figures of EL.STAT. [11] , while the same agency has recorded 6629 freelancing physiotherapists in 2013 and 11,315 drugstores in 2011 (hence roughly equal number of freelancing pharmacists), both of them proportionally raising the actual number of "other health professionals". In this vein, international comparisons suggest an oversupply of physicians since the cumulative indicator (total public and private) of 6.2 physicians per 1000 inhabitants (in 2011) is by far the highest in comparison to the average OECD indicator which is slightly above of 3 physicians per 1000 inhabitants [12] . By contrast, there is a certain shortage of Greek nurses since on average there were, in 2009, about 8 nurses per 1000 inhabitants in EU, while the same indicator for Greece was 3.3 (professionals: 1.8; associates: 1.5) [12] . This situation plays a pivotal role in both mitigating organizational commitment and job satisfaction and emerging continued challenges regarding both the quality of patient care and safety [13] [14] . Nevertheless, the figures of Table 3 indicate an improvement as nursing and midwifery professionals have risen at 2.4 per 1000 population over the period 2009-2014, while the density of associates is stable.
In terms of inflows, the domestic education system produces over 9000 new professionals every year ( Table  4) . The vast majority of them (47.3%) are classified into "health professionals". It is worth mentioning that, despite the internal production of nurses is higher than that of medical staff by 50% (or 550 graduates per year), the labour market seems unable to absorb them proportionally (comparison with Table 3 ). Furthermore, the internal production of health associate professionals accounts for 30% of total new domestic graduates and the 2/3 of them are not tertiary educated. The technical education production far outnumbers that of Greek universities as regards nursing staff and other health professionals (e.g. physiotherapists receive only technical education). As a result, only 39% of the total domestic graduates in health-related fields gain a university degree. The total education inflows are complemented with professionals graduated abroad. In 2013, the competent agency re- corded 318 of them mainly consisting of physicians and pharmacists ("other health professionals"). The ratio of graduates to 100 existing employees shows an average production of 8.2 which is extremely high in case of "other health professionals" (37.4 graduates per 100 existing staff) and "medical and pharmaceutical technicians" (27.1 graduates per 100 existing staff). The former, perforce, choose the freelancing alternative (dentists, pharmacists, dieticians, speech therapists, physiotherapists, etc.), but the latter cannot be absorbed in salaried positions unless approximately ¼ of existing staff retires annually. However, during the last five years of economic crisis, Greek graduates from abroad are very less compared to previous years. Concerning outflows (Table 5) , the last available report of the Greek MoH [15] forecasts an upward trend of retirements in public sector over the period 2015-2017 mainly due to the rise in the number of staff eligible for retirement (hence rise in the average age). The figures result in cumulative total retirements of 3,552 up to 2017 which stand for 4% of existing staff. The vast majority of retirements derives from medical staff (40.7% of total retirements) and at the same time represents 6.5% of existing staff. A sound outflow of administrative staff is expected too (17.6% of total retirements or 7.4% of existing staff). The ratio of graduates to eligible for retirement verifies the rigorous situation described above, namely, the overproduction of several health professionals not only compared to the existing staff numbers but also to the potential job vacancies. Furthermore, HRH planning should contemplate the relevant memorandum obligation of the Greek public sector to hire 1 new employee for every 5 employees leaving, which is under discussion now, at least for health sector.
Future Prospects
The first application of the projection model concerns only salaried staff of public and private sector along with medical freelancers collaborating with private hospitals. The main assumptions made are listed below:
1) The starting stock of the model is the current workforce i.e. 114,396 employees at the end of 2014 (see Table 3 ). 2) Eligible for retirement staff in public sector ( Table 5) represents an equivalent outflow. Future retirements in private sector are expected to be proportional to that of public sector (calculated as the current portion of private staff in total staff for each professional category).
3) Domestic and international graduates over the examined period were supposed to be equal to that of the most recent available year.
4) Demand projections were adjusted in order to stabilize the current (Table 3 ) density of each professional category.
The results of Table 6 demonstrate that Greek HRH (supply) in 2017 is expected to grow by 20.5% (or 23.5 thousands) compared with that of base year 2014. Several professional groups' growth, like that of "other health professions" (110%) and "medical and pharmaceutical technicians" (79%), is much greater than the average, mainly due to the extended production of the corresponding professions by technical and secondary education schools. The aforementioned developments also imply a universal oversupply of human resources in comparison with the normal demand projections. In total, there is a surplus of 8760 health professionals in 2015 estimated to be extended to 25,078 in 2017 given that inflows and outflows follow this standard pattern. It is also important to point out that the expected discrepancy between HRH supply and demand will raise 2018 onwards, if the shrinking population scenarios are verified and inflows into health-related education are not smoothed. The main managerial implication of this first application is a direct need for adjusting enrolments to the labour market's needs. Otherwise, many thousands of new graduates are inevitably forced to change career or emigrate. In other words, it is rather infeasible for the domestic labour market to absorb over 8000 new graduates per year given the current deficient situation in the private sector and the memorandum constraints in the public sector. It should be taken into account that current total unemployment rate is over 25% while in ages under 30 years is almost double.
In this mode, we applied the projection model again, now including only the NHS public sector, since the so called Troika Memorandum of Understanding included only this type of staff. The main assumptions of this application are as follows: 1) The starting point of the model is the current workforce i.e. 87,721 employees at the end of 2014 (see Table 3 ), reduced at almost 10,000 during last 5 years of the crisis.
2) Eligible for retirement staff ( Table 5) represents an equivalent outflow.
3) Domestic and international graduates' numbers were not taken into account since they constitute potential inflow into the labour market.
4) Demand projections were readjusted in order to exclude the contribution of private sector in covering health needs.
The results of Table 7 reveal a totally different situation compared to that of Table 6 . More specifically, we expect an undersupply of circa 475 public servants in 2015 that surges by extra 773 employees in 2016 and 1097 employees in 2017. Hence, the New Greek government should cover the forthcoming surplus of populationbased health needs by hiring about 2345 new health professionals up to 2017.
In order to stabilize the current (2014) density of each professional category, these newly recruited staff should consist of 1442 health professionals (physicians: 1,138; nurses & midwifes: 267; other: 37), 345 health associate professionals (medical & pharmaceutical technicians: 43; nursing & midwifery associate professionals: 243; other: 59), 1 personal care worker, 507 administrative and 53 technical staff, and 1 provider not elsewhere classified. However, the analysis of the previous section showed that there is poor compliance to international density standards especially among medical and nursing staff (oversupply of doctors and undersupply of nurses). In the case of public sector and after the proposed hires, physicians are expected to account for 22,073 whereas nurses (including midwifes) for 18,203 and total nursing staff (including associates) for 34,819. So, the corresponding ratio of nurses to physician remains at 0.82 and 1.6 respectively (compared to Table 3 ). In order to converge to European standards (2 -3 nurses per physician) we strongly recommend reallocating the new job vacancies in favor of nursing staff. This reallocation should primarily take place in Primary Health Care where a nurse-oriented mix of health professionals potentially has an important impact on productivity, costs and health outcomes [16] [17]. 
Conclusions
This was the first effort to provide comprehensive evidence of HRH in Greece and further delineate its current and future situation. The main concept was to incorporate the workforce-to-population ratio method into a standard stock-and-flow model in order to initially perform projections over the period 2015-2017 (estimated to finalize the "mid-term program") and afterwards locate any discrepancies from the labour market's equilibrium. The major limitation pertains to the poor evidence of outflows and therefore the first application of the model, that included both public and private sectors' employees and presupposed that health graduates constitute pure inflows, revealed a sound oversupply of health professionals. Furthermore, the second application, that isolated the human capital of private sector and the graduates' effect, showed that the public sector needs reinforcement in terms of new hires especially of nursing and midwifery staff. However, the model's sensitivity to population developments is extremely high and therefore the demand projections should be revised appropriately in an annual basis. Another emerging issue is whether population developments reflect health needs adequately. In any case, demographics, epidemiological and financial data do it better and it is urgent for the Greek MoH to collect such data in 2015 through its core information systems. Thus, the population-oriented projections applied above should be gradually upgraded to a patient's needs-oriented approach presupposing the existence of a mechanism to record and quantify health needs [18] . The greatest challenge is not to apply the model but to produce metadata in the realm of complete lack of a fully comprehensive mapping tool as regards the Greek health workforce. The existing databases are not only fragmented but also confusing since there are several discrepancies and variations in definitions and proposed indicators between them and the WHO's mapping template. Another critical point relates to the fact that Primary Health Care units have been partially recorded in these databases, because regional health authorities have recently undertaken their management from the National Organization for Healthcare Provision (EOPYY). Hence, developing reliable and accurate projection scenarios is impractical under the described circumstances. Even if the existing data (workforce "stock") were updated, adequate and well-fitted, it would be naive to project future supply once again, due to lack of minor data regarding outflows (i.e. career change). A next step of this application should categorize the aforementioned professionals into groups based on, inter alia, working hours, gender, age and other workforce's characteristics in order to combine them with several workloads and efficiency attributes [19] . In this context, standardizing data collection by the competent Ministries and other authorities should constitute the main priority of HRH planning and it could be achieved by developing compact templates.
